A multicenter retrospective study was performed in 36 participating North American centers to examine the use and timing of surgery in the treatment of acute spinal cord injury (SCI). The study was conducted to obtain information required for the planning of a randomized controlled trial of early compared with late decompressive surgery.
Protocol Format
The participating investigators were asked in the fall of 1995 to record retrospectively the information on all patients with spinal cord or cauda equina injuries who were admitted to their centers within 24 hours of injury during the 9 month trial period (August 1994 to April 1995). Specific questions were posed to determine whether the patients would have been eligible for a planned trial of decompressive surgery according to a specific protocol that had been developed by STASCIS. This protocol would theoretically include all patients with spinal cord or cauda equina injury at all levels of the vertebral column, both neurologically complete (American Spinal Injury Associtation [ASIA] A) and incomplete (ASIA B-D) injuries. Investigators were asked to evaluate whether the obtained data on each patient would have conformed to a specific list of inclusion criteria (Table 2 ) which were almost identical to those used in the previous NASCIS protocols with respect to age, medical risk factors, and other variables, [10] [11] [12] and to "predict" retrospectively whether each patient would have been able to provide consent. In this way, we attempted to evaluate the features of the planned protocol for a randomized, prospective trial. Table 1 shows that 585 patients with acute SCI or cauda equina injury were admitted to the 36 centers during the 9 month study interval. The maximum number of patients admitted to a single center was 104 and the minimum was four. The overall mean age was 40 years.
RESULTS

Number of Cases and Age of Patients
Vertebral Level of Injury
Overall, 64.5% of the injuries were cervical (C1 to C7-T1), 18.7% were thoracic (T1-11), 11.0% were thoracolumbar (T11-12 to L1-2), and 5.8% were lumbosacral (L2-S5) ( Table 3 ). In some centers there was a much higher incidence of cervical injuries, most likely due to the greater involvement of orthopedic spinal surgeons in those centers who had more responsibility for managing patients with noncervical injuries.
Severity of Neurological Injury
Based on the ASIA neurological grading system, [2] 42.2% of the injures were Grade A, or complete SCI, 9.7% were Grade B, 22.6% were Grade C, and 25.5% were Grade 4 ( Table 3 ). In general, the distribution of ASIA grades was similar among the various centers, although some appeared to admit an unusually high percentage of Grade A injuries, whereas other centers admitted a higher percentage of patients with neurologically incomplete injuries.
Inclusion and Exclusion Criteria
Based on the inclusion and exclusion criteria shown in Table 2 , 62.1% of the 550 cases for whom this information was available met the inclusion criteria on admission and would have been eligible for consideration for the planned study, whereas 37.1% would have been excluded (Table 4 ). The most frequent reasons for exclusion from the study were admission more than 24 hours postinjury, age, and the presence of gunshot wounds ( Table 4) . Absence of spinal cord compression, as determined by evaluation of available imaging studies on admission, would have excluded 18 patients, and presence of a concomitant head injury would have lead to exclusion of another 18 patients. It should be noted that absence of spinal cord compression based on imaging studies performed after admission resulted in the exclusion of many additional patients at a later stage.
Provision of Consent
It was the opinion of the staff of the participating centers that 510 (89.8%) of the 568 patients for whom this information was available would have been able to provide consent with respect to participation in the study, whereas 58 patients (10.2%) would not have been able to provide consent. These latter patients included those with head injuries, excess levels of alcohol, and other factors.
Imaging Studies
Although 100% of the patients underwent computerized tomography scanning, only 54% underwent magnetic resonance (MR) imaging (Table 3) . As expected, computerized tomography myelograms were infrequently obtained (6%). The use of MR imaging varied significantly among centers, with some performing MR imaging in 90% or more of cases, whereas others performed it in only 10 to 20% of cases.
Overall Inclusion Rate Based on Imaging and Admission Eligibility
Data obtained from imaging studies performed prior to traction were available regarding the presence of spinal cord compression or deformation in 459 patients; in 303 (66%) there was cord compression or deformation patients whereas in 156 (34%) there was none. Thus, if the planned prospective study included only those patients who met all the inclusion criteria outlined in Table 2 , and who were not excluded for any of the listed reasons for exclusion shown in Table 4 (omitting the 18 cases shown not to have cord compression on admission imaging studies and who would have been excluded on the basis of this finding), the eligibility rate would be 66%. By multiplying the rate of imaging study-detected spinal cord compression (66%) by the rate of potential eligibility (66%), one can deduce an approximate overall inclusion rate of 44%. It is likely that this figure is a slight underestimation of the true inclusion rate because some patients may have been excluded based on more than one criterion. Accordingly, we estimate a true inclusion rate of approximately 50% based on the available data in this study.
Use of Traction
There was information on the use of traction in 173 cases of cervical cord injury, and traction was applied in 47% of cases. In the opinion of the participating investigators, spinal cord deformation persisted after traction in 43% of cases in which it was applied. The participants reported neurological deterioration during traction in 14 patients (8.1%). Information is not available regarding the severity of neurological deterioration and whether the deficits were temporary or permanent.
Incidence, Type, and Timing of Surgical Treatment
Information was requested on the use of surgical treatment in these 585 patients and information was available for 583 patients; 65.4% (381) underwent surgical treatment, and 34.6% (202) did not. Decompressive surgery was performed in 68.2% of those receiving surgical treatment, whereas fusion was performed in 85.7%. The majority of the patients underwent both decompressive surgery and spinal fusion. Data obtained on the timing of surgery were available for 374 of the 381 surgical cases. Surgery was performed at 24 hours or less postinjury in 23.5% (88) of patients, 25 to 48 hours postinjury in 15.8% (59), 48 to 96 hours postinjury in 19.0% (71) and 5 days or more postinjury in 41.7% (156) of patients (Table 5) .
DISCUSSION
The epidemiological features of these patients--age, level and severity of injury and other admission variables--were similar to those reported in other SCI patient populations. [31, 32, 41, 44, 46, 48] For example, in this trial approximately two-thirds of the cases had sustained cervical injuries and approximately 60% were incomplete neurological injuries; these data are in keeping with other large series of SCI patients admitted to SCI units in North America in which neurosurgeons play a significant role.
This retrospective study was undertaken in attempt to define the feasibility of conducting a prospective randomized controlled trial of the timing and effectiveness of decompressive surgery of the spinal cord. Although pharmacotherapy using methylprednisolone has been proven to be effective in improving neurological deficits in patients with acute SCI, the results of the North American [12, 13] and Japanese [40] trials in large numbers of patients have shown only a minimal amount of improvement. Modest neurological improvement was also seen when treating patients with GM-1 ganglioside in a trial in a small number of patients. [28] Thus, further studies of other drugs and other treatments must be undertaken to enhance the neurological recovery. There is evidence from experimental studies in laboratory models that early decompressive surgery improves neurological recovery. [8, 15, 17, 19, 21, 23, 30, 33, 39, 41, 42, 43] For example, in the laboratory of one of the authors (C.H.T.), removal at 2 hours of an extradural clip that compressed the spinal cord produced better neurological recovery than removal at 4 hours. [30] In some clinical studies in patients who have undergone decompressive surgery, promising results have been demonstrated, [6, 53, 54] although results of other studies have failed to show a benefit from early decompressive compared with later decompressive surgery. [5, 26, 34, 35, 38, [49] [50] [51] Findings from several studies have failed to show improved recovery in those patients who underwent surgery compared with those receiving nonoperative treatment. [24, 45, 52] For example, in a study by one of the authors (C.H.T.), the outcome in 116 patients who underwent operative treatment (decompressive surgery in 75, fusion in 41) was compared with the outcome in 92 who did not undergo surgery, and there was no difference in neurological recovery between the two groups. [45] However, it should be noted that, with one exception, none of these studies was a randomized controlled trial in which patients were allocated to surgical or nonsurgical groups or to early or late surgery. The exception was the study by Vaccaro, et al., [49] reported in 1997, in which patients were randomly allocated to an early-surgery or late-surgery group. In this study, only a small number of patients were studied: the early-surgery group, defined as undergoing surgery within 72 hours of injury, contained 34 patients (mean time to surgery 1.8 days); and the late-surgery group, defined as undergoing surgery more than 5 days after injury, contained 28 patients (mean time to surgery 16.8 days). There was no difference in neurological outcome between the two groups. The other shortcoming in this study was the low rate of follow up (approximately one-third of the patients were lost to follow-up reviews).
The authors of several other studies have reported improved neurological outcome in patients who underwent late decompressive surgery days, weeks, or months postinjury, [3, 7, 9, 14, 22, 34, 36] but none of these studies was a randomized controlled trial. Traction has also been reported to improve neurological outcome, especially if applied early,[1, 16, 18, 29] but none of these studies reporting on traction was a randomized controlled trial. However, the authors of several studies did not find any neurological benefit in patients who underwent spinal reduction procedures, [20, 32, 52] with the possible exception of patients who suffered bilateral facet dislocation. [4] Furthermore, early spinal reduction procedures performed prior to imaging studies have become controversial because neurological deterioration has been reported after traction primarily in patients with large disc herniations. [25, 27] It should be noted that the present study demonstrated an 8% rate of neurological deterioration due to traction. Unfortunately, data are not available regarding the severity and permanence of these deficits.
In the present study, we found that approximately 66% of patients with acute SCI are undergoing surgical treatments, and as noted above, there is no definite proof that the treatment yields improved neurological recovery. It should be noted that many of the authors claim that surgery enhances early mobilization and reduces length of hospital stay, but there is no definite proof. Furthermore, the effect of surgery, especially early surgery, on the rate of complications such as pneumonia or deep venous thrombosis is controversial. [37, 55] Findings from the present study showed a lack of consensus among centers concerning the optimum timing of surgical treatment, and only a minority of patients underwent surgery within 24 hours of trauma. Even this interval may be too late to reverse some of the secondary injury mechanisms identified after SCI. [47] The only therapeutic window established in humans is the 8-hour trauma-to-treatment window reported in the NASCIS-2 study in which methylprednisolone was used. [12] We have shown that only approximately 50% of patients currently admitted to spinal cord centers in North America would be eligible for inclusion in a randomized controlled trial of early compared with late decompression performed by using traction or surgery. This was based on inclusion of only those patients admitted within 24 hours of trauma. Thus, a randomized trial to study early decompressive surgery at a shorter therapeutic window time, such as 8 hours based on the NASCIS-2 results, would require a public education campaign and specific instructions to first aid personnel and emergency physicians to encourage much earlier referral to spinal cord treatment centers.
